INTRODUCTION
Colorectal cancer remains one of the most common cancers in both men and women in Singapore, with the ethnic Chinese population at a higher risk than the Malay and Indian populations. Incidence rates in Singapore have increased since the 1970s but have plateaued since the late 1990s. Mortality rates from colorectal cancer are among the highest in both genders. (1) Several important historical trials helped to establish trimodality therapy as the standard treatment for locally advanced rectal cancer nearly 20 years ago. (2, 3) The results of a large, randomised controlled trial comparing preoperative chemoradiation against postoperative chemoradiation have demonstrated improved local control and reduced toxicities with a neoadjuvant approach. (4, 5) Neoadjuvant chemoradiotherapy (CRT) for locally advanced rectal cancer was implemented at our institution in 2002. In this study, we reported the outcomes of our patients with locally advanced rectal cancer over a 12-year period.
METHODS
Eligible patients were those who were diagnosed with clinically staged T3/4, N0/+, M0 rectal cancer according to the TNM (tumour, node and metastasis) Classification of Malignant Tumours and received neoadjuvant CRT followed by total mesorectal excision (TME) surgery at National University Hospital, Singapore, from April 2002 to December 2014. Patients were selected from the Radiation Oncology Department's internal database based on diagnosis coding and total radiotherapy dose delivered. Additional information was collected from both internal database reporting and hospital electronic medical records. All patients had biopsy-proven rectal adenocarcinoma.
All patients were investigated with magnetic resonance imaging, computed tomography (CT) of the pelvis or transrectal ultrasonography to determine tumour and nodal staging. Distant metastasis was excluded by CT imaging of the thorax and abdomen. Stage of disease was determined by the American Joint Committee on Cancer staging system (7th edition), which utilises the TNM scoring system. We defined low rectal tumours, mid rectal tumours and high rectal tumours as those that were less than 5 cm, 5-10 cm and more than 10 cm from the anal verge, respectively.
Chemotherapy was given as 5-fluorouracil (5-FU) intravenously or capecitabine orally. Overall, 40 patients received intravenous 5-FU at a dose of 225 mg/m 2 /day and the remaining 77 patients received oral capecitabine at a dose of 825 mg/m 2 twice a day for five consecutive days a week when radiotherapy was administered.
Outcomes of neoadjuvant chemoradiotherapy followed by total mesorectal excision surgery for locally advanced rectal cancer: a single-institution experience Radiotherapy was delivered as three-dimensional conformal radiotherapy with 6 MV or 10 MV photons. The beam arrangement consisted of either one posterior beam and two lateral beams, or one anterior and posterior beam and two lateral beams. The field borders, which were standard for all patients, were as follows: superior border was L5-S1 intervertebral space; inferior border was the inferior obturator foramen or 3 cm below the most inferior part of the tumour (whichever was more inferior); anterior border was 2-3 cm anterior to the sacral promontory; posterior border was 1 cm posterior to the sacrum; and lateral borders were 1-1.5 cm lateral to the pelvic brim. A total dose of 50.4 Gy in 28 fractions was delivered in two phases. Phase 1 delivered 45 Gy in 25 fractions to the pelvis as 1.8-Gy fractions over five consecutive weeks. Phase 2 gave a further tumour boost of 5.4 Gy in three daily fractions.
All patients underwent TME surgery, which included low anterior resection, ultra-low anterior resection, abdominoperineal resection or Hartmann's procedure. Surgery was planned 8-12 weeks after neoadjuvant CRT. Tumour size, nodal metastasis and margin status were identified from the patient's histology reports. Postoperative complications were also noted.
After completion of neoadjuvant CRT and TME surgery, all patients were followed up postoperatively with history taking, examination and carcinoembryonic antigen blood test every three months for the first two years, every six months during Years 3-5 and annually thereafter. CT of the chest, abdomen and pelvis were repeated annually to screen for local recurrence or distant metastasis. Postoperative colonoscopy was performed at Years 1, 3 and 5. This was in accordance with the National Comprehensive Cancer Network guidelines for surveillance. (6) Radiation toxicities were recorded weekly during treatment reviews and at subsequent follow-up visits. The toxicities were scored using Common Terminology Criteria for Adverse Events version 4.0 (US Department of Health and Human Services, National Institute of Health, National Cancer Institute, MD, USA).
Kaplan-Meier curves were plotted to provide an overview of the local recurrence, disease-free survival and overall survival rates of all patients. Univariate and multivariate Cox regression analyses were done to determine the predictive factors for diseasefree survival and overall survival. Factors for which Cox regression analyses were performed included age at diagnosis, gender, chemotherapy regimen (intravenous 5-FU or oral capecitabine), margin positivity, tumour downstaging, node positivity and pathological complete response (pCR). All analyses were done using STATA SE version 13 (StataCorp LP, College Station, TX, USA). A p-value < 0.05 was considered to be statistically significant.
RESULTS
During the study period, 127 patients had clinically staged cT3/4, N0/+ adenocarcinoma of the rectum that was planned to be treated with neoadjuvant CRT followed by surgery. Four patients received cetuximab with 5-FU, five received intensity-modulated radiotherapy (IMRT) instead of conventional radiotherapy and one declined neoadjuvant CRT. These patients were excluded, leaving 117 patients who were eligible for analysis. 66.7% of the patients were men and the median age at diagnosis was 60 (range 24-81) years. 94 (80.3%) of the patients were successfully followed up, and among these, the median follow-up time was 34 (range 2-122) months. The patients' characteristics are summarised in Table I. Among patients who had surgery (n = 113), the median time from completion of neoadjuvant CRT to surgery was 90 (range 49-172) days. Of the 13 (11.5%) patients who achieved a pCR, six had surgery at 8-12 weeks and seven had surgery after 12 weeks. Surgical procedures were decided preoperatively. Low anterior resections, ultra-low anterior resections, abdominoperineal resections and Hartmann's procedure were performed for 28, 61, 22 and two patients, respectively. Three patients declined surgery but had biopsies taken post neoadjuvant CRT, and one patient passed away before surgery due to acute myocardial infarction secondary to bleeding from the rectal tumour. The sphincter preservation rate was 79.6%. TME was performed for all patients who had surgery. Negative resection margins were achieved in 91.2% of patients. The median length of hospital stay was 8 (range 4-60) days. Postoperatively, ten patients had high stoma output, six had ileus, two had anastomotic leak, one had non-ST elevation myocardial infarction, one had pneumonia, one had acute retention of urine, one had small bowel obstruction, one had surgical site infection and one had wound dehiscence. There was no postoperative death. Pathological response and downstaging of tumour and lymph nodes after neoadjuvant CRT are presented in Table II . All surgical specimens were sent for histopathological examination and reporting at the time of surgery. 13 (11.5%) patients had a pCR to treatment. For patients with T-stage tumours, 20.0% of cT2, 35.3% of cT3 and 64.2% of cT4 tumours were downstaged after neoadjuvant therapy. Among patients with N-stage tumours, 55.6% of cN1, 90.0% of cN2 and 100.0% of cN3 tumours were downstaged.
In all, 23 patients were lost to follow-up during the study period. At the end of the study, four patients developed local recurrence. The actuarial five-year local recurrence rate was 4.5% (Fig. 1) . 31 patients developed distant metastasis and 19 died by the end of the study period. The five-year actuarial diseasefree survival and overall survival rates were 65.7% and 80.6%, respectively (Figs. 2 & 3) . Month from diagnosis Probability of survival (%) Fig. 3 Kaplan-Meier cur ve shows probability of overall sur vival over time.
Univariate and multivariate survival analysis of factors that might affect disease-free survival and overall survival rates showed that patients with positive nodes had significantly higher risks of poorer disease-free survival and poorer overall survival (Tables III & IV) . Age at diagnosis, gender, chemotherapy regimen, margin positivity, tumour downstaging and pCR did not predict worse disease-free survival or overall survival.
Acute and late treatment toxicities among our patients are shown in Table V . All patients completed the prescribed course of CRT; however only 96 patients had documented toxicities. Among patients with known acute toxicities, 3 (3.1%) patients had Grade 3 diarrhoea and 2 (2.1%) had Grade 3 dermatitis. For late toxicities, 2 (2.1%) patients had Grade 3 gastrointestinal toxicities (anastomotic fistula, n = 1; rectovaginal fistula, n = 1) and 1 (1.0%) had Grade 3 genitourinary toxicity (ureteric stricture). There were no Grade 4 toxicities.
DISCUSSION
Neoadjuvant CRT followed by surgery is the current standard of care for locally advanced rectal cancer. Using a preoperative approach for this study, we reported five-year local recurrence, disease-free survival and overall survival rates of about 5%, 66% and 81%, respectively. These results are comparable to published data.
A pCR to preoperative treatment is an important outcome for rectal cancer. A pooled analysis of individual patient data showed that patients with locally advanced rectal cancer who achieved pCR after preoperative CRT had an improved five-year disease survival rate of 83.3% versus 65.6% for patients who did not achieve pCR. (7) The pCR rate of 11.5% in our study was comparable to those of other published trials. (7, 8) However, our results showed that pCR after preoperative CRT did not improve disease-free survival or overall survival in our patients. In addition, tumour downstaging was not associated with improved outcomes. This was likely due to the small number of patients in our study.
One of the determinants of pathological downstaging is the interval from completion of CRT to surgery. Tulchinsky et al showed that an interval of more than seven weeks between completion of CRT and surgery improved pCR and disease-free survival in patients with rectal cancer. (9) This was confirmed in a meta-analysis that showed that an interval to surgery of over eight weeks increased the pCR rate by 6%. (10) In our study, 53.8% (7/13) of patients who had surgery 12 weeks after the completion of CRT achieved pCR.
There are several studies that have looked at strategies to improve pCR rates. Firstly, escalation of radiotherapy dose in the preoperative setting has been shown to increase pCR rates. A recent Phase II study of a concomitant boost for IMRT-based neoadjuvant CRT in patients with Stage 2/3 rectal cancer produced a high pCR rate of 23.7%. (11) Investigators at Utrecht University, the Netherlands, initiated a prospective trial investigating efficacy dose escalation using radiotherapy alone to a dose of 15 Gy (5 × 3 Gy), delivered to the gross tumour volume prior to standard CRT. (12) Secondly, preoperative CRT with combination chemotherapy has shown promise in increasing pCR rates. A small Taiwanese study reported an excellent pCR rate of 40% by using oxaliplatin and tegafur-uracil as part of the preoperative CRT regimen. (13) However, the optimal chemotherapy regimen delivered concurrently with radiotherapy remains to be established in randomised trials. Thirdly, researchers have investigated the delivery of chemotherapy in the interval period between completion of CRT and surgery. In a study by Habr-Gama et al, 65% of patients were found to have a pCR when additional chemotherapy was given during the resting period between neoadjuvant CRT and 'clinical' response assessment, ten weeks after the completion of radiation, with acceptable toxicity and high tolerability rates. (14) Pathological nodal response after neoadjuvant chemoradiation is known to be associated with reduced local recurrence and improved survival rates. (15) (16) (17) In our study, 38.5% of patients had nodal downstaging after preoperative CRT. However, this was not associated with reduced local recurrence or improved overall survival. Despite a meta-analysis demonstrating increased toxicity-related mortality risk (18) with concomitant therapy, the treatment was well tolerated by our patients, with only 5.2% of patients having acute Grade 3 diarrhoea or dermatitis and 3.1% of patients showing late toxicities.
Our study was limited by the relatively small number of patients studied compared to other larger landmark trials as well as the significant number of patients who were lost to followup. However, we were able to show that a treatment regimen comprising neoadjuvant CRT followed by TME surgery for locally advanced rectal cancer had comparable outcomes in our local population.
Currently, there is ongoing research in personalised patient treatment using predictive biomarkers to predict response to neoadjuvant therapy. These studies have the potential to change the way we manage patients. We await the outcomes. Meanwhile, the favourable outcomes of neoadjuvant CRT followed by TME surgery for locally advanced rectal cancer, in our institutional experience, support the continuation of this multimodality treatment for our local population. *Multiple toxicities in the same patient were scored as separate events, and patients with unknown toxicity status were excluded from the calculation of percentages.
